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SurvivalAbstract Aim: The objective of the current study is to find out and correlate the predictive value
of serum lactate level and other oxygenation indices in the first 24 h of respiratory ICU admission
regarding mortality and length of ICU stay.
Methods: Thirty three critically ill patients were enrolled. Three samples of lactate and concomi-
tant arterial blood gases (ABG) were obtained. One on admission, one after 12 h and one after 24 h
of admission.
Results: Twenty patients survived and 13 patients died. A comparison was done between sur-
vivors and non survivors regarding oxygen indices and serum lactate. Mean serum lactate was sig-
nificantly lower in survivors than non survivors in the three samples. In all studied samples,
survivors’ group had better oxygen indices in the form of a lower A-a gradient, higher pulse O2 sat-
uration and higher oxygen content but did not reach statistical significance except in sample 3 where
A-a gradient was significantly lower in survivors. Mean serum lactate was positively correlated with
the length of hospital stay as well as A-a O2 gradient with statistical significant difference. Serum
lactate in the three samples was shown to be significantly accurate in predicting non survivors.
Cut-off values were 3.76 mmol/L, 3.08 mmol/L, and 2.92 mmol/L respectively; sensitivity 88.9%,
88.9%, and 100% respectively; and specificity 95%, 75%, and 70% respectively.
Conclusions: Non survivors had higher blood lactate levels at admission as well as at 12 and
24 h.
 2016 Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest Diseases and
Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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An elevated blood lactate concentration (a static index) at any
time point must be due to an increase in its production, a
decrease in its clearance, or both. Likewise, an increasing
blood lactate concentration (a dynamic index) must be due
to increasing production, decreasing clearance, or both simul-
taneously [1].
Multiple conditions resulting in inadequate oxygen deliv-
ery, disproportionate oxygen demand and diminished oxygen
use may lead to elevated lactate levels [2].
As a result, hyperlactatemia in intensive care medicine has
been regarded mainly as a sign of tissue hypoxia [3].
It was reported that even within the high normal range
(=2.00 m mol/L) a higher admission blood lactate concentra-
tion is associated with significantly increased hospital mortal-
ity, a finding which suggests that the even subtle
perturbations of lactate homeostasis may be important [4].
Consequently the early identification and rapid treatment
of these patients with hyperlactatemia is widely acknowledged
as a vital step toward improving survival [5].
Aim of the work
The objective of the current study is to find out and correlate
the predictive value of serum lactate level and other oxygena-
tion indices in the first 24 h of respiratory ICU admission
regarding mortality and length of ICU stay.Patients and methods
This study was carried out in respiratory ICUs in kasr el aini
teaching hospitals in the period between May 2012 and May
2013. The study included 33 critically ill patients, 21 adult
males (63.6%) and 12 adult females (36.4%), their ages ranged
from 44 years to 85 years with the mean age of 62.18 ± 10.94.
Inclusion criteria
Critically ill patients older than 18 years of both sexes admitted
to the respiratory ICU.
Exclusion criteria
 Patients younger than 18 years.
 Other factors that are known to affect lactate level:
o The use of any of these therapeutic interventions such
as epinephrine, metformin, nucleoside analogs in HIV
and high volume hemofiltration (HVHF) with lactate
buffered replacement fluids.
o Alcoholics.
o Hepatic failure.
o Malignancy (especially lymphoma).
o Surgical patients.
o Sepsis.
o Epilepsy or epileptic fits.
o Trauma patients.
o Patients with acute renal failure or acute pancreatitis.All patients were subjected to:
 Detailed medical history taking from the patient or one of
his relatives.
 Complete clinical examination including recording of con-
scious level, heart rate, blood pressure (systolic, diastolic,
and mean blood pressure) and temperature.
 Laboratory examination and investigation in the form of
complete blood picture and renal function tests: creatinine,
liver function test, sodium, potassium.
 Arterial blood gases analysis were obtained on admission
(sample 1), 12 h (sample 2) and 24 h (sample 3), simultane-
ously with serum lactate sample, and on need.
The following parameters were derived from the ABGs,
considering normal values as the following: [6,8]
 PH: (7.35–7.45).
 Partial pressure of arterial carbon dioxide (PaCO2):
(35–45 mmHg).
 Partial pressure of arterial oxygen (PaO2): (104.2[0.27
age] in mmHg).
 Oxygen saturation (95–100%).
The following parameters were calculated from the given
data in ABGs:
o Arterial oxygen content (CaO2) is the amount of oxygen
bound to hemoglobin plus the amount of oxygen dissolved
in arterial blood: [7].
o CaO2 (mL O2/dL) = (1.34  hemoglobin concentra-
tion  SaO2) + (0.0031  PaO2).
o SaO2 is the arterial oxyhemoglobin saturation.
o PaO2 is the arterial oxygen tension.
o Normal CaO2 is approximately 20 mL O2/dL [7].
Alveolo-arterial oxygen gradient (A-a O2 gradient): The
difference between the alveolar and arterial oxygen tensions
[8,9]:
o A-a oxygen gradient = Pio2  Paco2/R  Pao2.
o Pio2 (partial pressure of inspired oxygen) = barometric
pressure  water pressure  Fio2.
o Fio2 = fractional concentration of oxygen in inspired
gas = 0.21 breathing air at sea level.
o R= respiratory quotient = 0.8.
o A normal gradient was defined as less than or equal to
(age/4 + 4) [8,9].
Serum lactate
3 samples in the first 24 h of ICU admission in form of:
2 ml of venous blood was sent for analysis of blood lactate
on ICU admission to all cases (sample 1) then a sample after
12 h (sample 2) then after 24 h (sample 3), with correlation
with the patients’ clinical condition and progression of the
case.
The sample was centrifuged within 2 h and sent for lactate
analysis, hemolyzed samples were repeated.
Table 1 Comparison between survivors and non survivors
regarding age, APACHE score, GSC score.
Non survivors Survivors P value
Age
Mean(±SD) 64 (±11.5) 61 (±10.69) 0.337
Range 46–84 44–85
Median 65 58.5
APACHE II score
Mean(±SD) 18.38 (±7.42) 14.6 (±5.36) 0.103
Range 12–40 7–27
Median 16 13.5
GCS score
Mean(±SD) 12.05 (±3.6) 14.23 (±1.14) 0.014
Range 2.67–15 10.33–15
Median 13.5 14.67
APACHE II score, acute physiology and chronic health evaluation
[11]; GCS score, Glasgow coma score [12]; SD, standard deviation.
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considered 1 ± 0.5 mmol/L in normal patients and
<2 mmol/L in critically ill patients [10].
Acute physiology and chronic health evaluation (APACHE
II score) [11] as well as Glasgow coma score [12] were calcu-
lated and recorded for all patients.
Need for mechanical ventilation
All the patients with decompensated ABGs that matched the
indication of mechanical ventilation from the start or did not
respond to conservative treatment were intubated and con-
nected to the ventilator using either, Bennet 7200, DragerEvita
2, DragerEvita 4 or Raphael Hamilton medical ventilator.
Ventilator settings were tailored according to the clinical con-
dition and the cause of respiratory failure.
Follow up parameters
 Length of stay in ICU.
 Outcome whether death or discharge for improvement.
Statistical methods
Data were coded and entered using the statistical package
SPSS (Statistical Package for the Social Science) version 22.
Data were summarized using mean, standard deviation, med-
ian, minimum and maximum in quantitative data and using
frequency (count) and relative frequency (percentage) for cat-
egorical data.
Comparisons between quantitative variables were done
using the non-parametric Mann–Whitney test. For comparing
categorical data, Chi square (v2) test was performed. Exact test
was used instead when the expected frequency is less than 5.
Correlations between quantitative variables were done using
Spearman correlation coefficient. ROC curve was constructed
with area under curve analysis (AUROC) performed to detect
best cutoff value of lactate for detection of mortality. P-values
less than 0.05 were considered as statistically significant.
Results
This is a randomized controlled study including 33 critically ill
patients admitted to respiratory ICU, with a mean age of
62.18 ± 10.94, there were 21 (63.6%) males and 12 (36.4%)
females.
Regarding their diagnoses, 15 patients had acute exacerba-
tion of COPD, 7 patients had obstructive sleep apnea, 3
patients had interstitial pulmonary fibrosis, 3 had pneumonia,
2 had acute severe asthma, 1 had military TB, 1 had
pulmonary embolism and 1 had bronchiectasis.
The study population was divided into two groups:
A- Survivors: 20 patients (60.6%), 13 males (65%) and 7
females (35%).
B- Non survivors: 13 patients (33.3%), 8 males (61.5%)
and 5 females (38.4%).Two patients died before obtaining sample 2 (after 12 h).
Two patients died before obtaining sample 3 (after 24 h).
Among the non survivors 4 patients were mechanically ven-
tilated on admission and among the survivors 1 was mechani-
cally ventilated on admission.
The mean age did not differ significantly between the two
groups. APACHE score was higher in non survivors but did
not reach statistical significance. GSC was significantly lower
in non survivors (Table 1).
Comparison between survivors and non survivors regarding
oxygen indices and mean serum lactate in samples 1, 2, and 3
Sample 1
It was found that the survivors had better oxygenation indices
in the form of a lower A-a O2 gradient, higher pulse O2 satu-
ration and higher oxygen content but did not reach statistical
significance. Mean serum lactate was significantly lower in the
survivors’ group (Table 2).
Sample 2
The same as was shown in sample 1. It was found that the sur-
vivors’ group had better oxygenation indices in the form of a
lower A-a O2 gradient, higher pulse O2 saturation and higher
oxygen content but did not reach statistical significance. Mean
serum lactate was significantly lower in the survivors’ group
(Table 3).
Sample 3
In this sample A-a O2 gradient was significantly higher in non
survivors who had also lower pulse O2 saturation and lower
oxygen content but didn’t reach statistical significance. Mean
serum lactate was significantly lower in the survivors’ group
(Table 4).
Mean serum lactate was positively correlated with length of
hospital stay as well as A-a O2 gradient with statistical signif-
icant difference. Mean serum lactate was negatively correlated
Table 5 Correlation between mean serum lactate and length
of hospital stay and oxygen indices.
R
value
P
value
Mean serum lactate and length of hospital stay 0.403 0.03
Mean serum lactate and A-a gradient 0.361 0.039
Mean serum lactate and mean oxygen
saturation
0.01 0.579
Mean serum lactate and mean oxygen content 0.01 0.961
A-a gradient, alveolar arterial oxygen gradient.
Table 2 Comparison between survivors and non survivors
regarding oxygen indices and mean serum lactate in sample 1.
Non survivors Survivors P value
A-a gradient
Mean(±SD) 116.69(±95.13) 59.38(±45.04) 0.14
Range 21.23–270 17.23–211.5
Median 71.76 44.29
SO2
Mean(±SD) 73.23(±18.84) 78(±12.48) 0.658
Range 50–97 60–96
Median 80 79
O2 content
Mean(±SD) 11.27(±3.62) 14.1(±3.81) 0.224
Range 3.3–15.59 8.9–23.18
Median 12.51 14.1
Lactate
Mean(±SD) 4.64(±0.93) 2.93(±0.79) <0.001
Range 3.14–5.84 1.91–5.62
Median 4.6 2.81
A-a gradient, alveolar arterial oxygen gradient; SD, standard
deviation; SO2, oxygen saturation.
Table 4 Comparison between survivors and non survivors
regarding oxygen indices and mean serum lactate in sample 3.
Non survivors Survivors P value
A-a gradient
Mean(±SD) 193.7(±159.31) 86.12 (±63.6) 0.014
Range 56.39–590.5 15.37–229.5
Median 143.5 76.14
SO2
Mean(±SD) 90.44(±8.41) 92.4(±3.38) 0.924
Range 79–99 87–99
Median 92 92.5
O2 content
Mean(±SD) 16.32(±3.5) 18.23(±3.47) 0.13
Range 9.5–18.4 14.65–20.4
Median 16.54 18.56
Lactate
Mean(±SD) 4.07(±0.9) 2.76(±1.24) 0.003
Range 3.03–5.62 1.46–6.74
Median 3.82 2.36
A-a gradient, alveolar arterial oxygen gradient; SD, standard
deviation; SO2, pulse oxygen saturation.
Table 3 Comparison between survivors and non survivors
regarding oxygen indices and mean serum lactate in sample 2.
Non survivors Survivors P value
A-a gradient
Mean(±SD) 145(±84.95) 101.03(±60.69) 0.154
Range 33.62–298.8 25.12–253.25
Median 158.95 89.64
SO2
Mean(±SD) 88.91(±11.34) 89.85(±5.87) 0.561
Range 60–99 78–99
Median 92 91
O2 content
Mean(±SD) 14.04(±3.2) 16.79(±5.14) 0.173
Range 7.69–17.2 9.31–32
Median 14.58 16.45
Lactate
Mean 3.73(±0.87) 2.87(±0.68) 0.007
Range 2.47–5.62 1.68–4.49
Median 3.37 2.92
A-a gradient, alveolar arterial oxygen gradient; SD, standard
deviation; SO2, oxygen saturation.
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not reach statistical significance (Table 5).
For serum lactate in sample 1 AUROC was 0.925(95%
CI= 0.82  1.03, P< 0.001). Here 3.76 mmol/L was consid-
ered the most appropriate cut-off point with sensitivity for
death 88.9% and specificity 95% (Fig. 1).
For serum lactate in sample 2 AUROC was 0.756(95%
CI= 0.569  0.943, P= 0.03). Here 3.08 mmol/L was consid-
ered the most appropriate cut-off point with sensitivity for
death 88.9% and specificity 75% (Fig. 1).
For serum lactate in sample 3 AUROC was 0.856(95%
CI= 0.719  0.992, P= 0.03). Here 2.92 mmol/L was consid-
ered the most appropriate cut-off point with sensitivity for
death 100% and specificity 70% (Fig. 1).Discussion
Plasma lactate concentration is a marker of the severity of the
tissue oxygen supply to demand imbalance and may reflect
tissue hypoperfusion also in the presence of normal blood pres-
sure. Accordingly, in critical settings plasma lactate concentra-
tion rises before clinically overt hemodynamic impairment,
and is considered a good tool for early identification of
patients at increased risk of short-term adverse outcome [13].
The objective of the current study is to find out and corre-
late the predictive value of serum lactate level and other oxy-
genation indices in the first 24 h of respiratory ICU
admission regarding mortality and length of ICU stay.
Three samples of lactate were obtained. One on admission,
one after 12 h and one after 24 h of admission. ABG samples
were withdrawn concomitantly.
A comparison was done between survivors and non sur-
vivors regarding oxygen indices and serum lactate.
Mean serum lactate was significantly lower in the survivors
than non survivors in the three samples.
Mean serum lactate was positively correlated with length of
hospital stay as well as A-a O2 gradient with statistical signif-
icant difference.
Lactate value in sample 1(mmol/L),           Lactate value in sample 2(mmol/L),            Lactate value 
in sample 3(mmol/L)
Figure 1 Performance of lactate indices in prediction of non survivors.
Correlation between serum lactate and other oxygenation indices 699Serum lactate in the three samples was shown to be signif-
icantly accurate in predicting non survivors. Cut-off values
were 3.76 mmol/L, 3.08 mmol/L, and 2.92 mmol/L respec-
tively; sensitivity 88.9%, 88.9%, and 100% respectively; and
specificity 95%, 75%, and 70% respectively.
Jat et al enrolled 30 patients with septic shock and serum
lactate was withdrawn on admission, at 12 h and after 24 h
of admission. In agreement with our results the three different
lactate levels were significantly higher among non survivors as
compared to survivors [14].
However a lactate value of more than 5 mmol/L predicted
death at a significant level. The reason for this high cut
off value in this study may be that only patients with septic
shock were included where a high lactate level was expected
[14].
This was in concordance with the study done by Vanni et al
where patients who died had significantly higher mean plasma
lactate level than did survivors with a P value <0.001 [15].
Also, Nicole et al demonstrated that higher static indices of
lactate derangement during ICU stay are associated with
higher ICU mortality (P-value = 0.001) and they stated that
in critically ill patients, relative hyperlactatemia is indepen-
dently associated with increased hospital mortality [16].
In a prospective observational study that included 124
patients who required hospitalization due to shock, serum lac-
tate was measured on arrival at the emergency department
[17].
In concordance with our results non-survivors had signifi-
cantly higher lactate levels than survivors. Mortality was sig-
nificantly higher in patients with lactate levels of 3.5 mmol/L
or higher compared with those with lactate levels below
3.5 mmol/L [17].
Siegel et al observed that in children admitted to the ICU
after a cardiac surgery, high levels of lactate had a PPV of
100% and a NPV of 97% for death [18].Duke et al found that lactate allowed distinguishing sur-
vivors from non survivors among children with sepsis at 12
and 24 h of treatment. They found that a lactate value of
>3 mmol/L significantly predicted mortality [19].
Hatherill et al suggested that hyperlactatemia can indicate
death on admission if it persists after 24 h of treatment [20].
In another study, as a predictor of death, the blood lactate
level at 24 h of ICU admission presented the best sensitivity
and specificity [21].
Many studies have found that admission blood lactate con-
centrations above the reference range are associated with
higher mortality following cardiothoracic surgery [22], trauma
[23], major abdominal surgery [24], high risk surgery, major
vascular trauma, sepsis [25], liver disease [26], in ventilated
neonates [27] and critically ill children [28].
A large observational study examined intensive care data-
base of 7155 consecutive critically ill patients admitted to the
ICU found that higher ICU admission blood lactate concen-
trations was strongly and independently associated with hospi-
tal mortality [29].
The association of hyperlactatemia and mortality indepen-
dent of admission diagnostic group in a large mixed cohort of
critically ill patients confirm that lactate is a useful marker in
the intensive care setting to identify patients at high risk of
death [29].
In support of this hypothesis, a number of single center
observational studies, suggested that early changes in blood
lactate concentration may be useful in identifying those at high
risk of death [16,30].
The alveolar-arterial oxygen (A-a) gradient, a measure of
the difference in oxygen concentration between alveoli and
arterial blood, is a more sensitive indicator of the alteration
in oxygenation than the oxygen partial pressure (PO2) [31].
In all studied samples survivors’ group had better oxygena-
tion indices in the form of a lower A-a gradient, higher pulse
700 A. Shalaby et al.O2 saturation and higher oxygen content but did not reach sta-
tistical significance except in sample 3 where A-a gradient was
significantly lower in survivors.
This is in accordance with the study by Robert et al which
aimed to determine whether A-a gradient can reliably predict
outcome for pediatric patients with severe respiratory failure,
in which its results indicated that the A-a gradient is both a
sensitive and a specific predictor of death in this population.
Where an A-a gradient >450 mmHg for 16 h predicted death
with 86% sensitivity, 100% specificity, and a P value <0.001
[32].
Conclusion
This study demonstrated that patients who died had higher
blood lactate than patients who survived. Patients who
survived had better oxygenation. Mean serum lactate was
positively correlated with length of hospital stay and was
positively correlated A-a oxygen gradient with statistical
significance.
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